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APPLICATION FOR 
UNITED STATES LETTERS PATENT 
SPECIFICATION 

TO ALL WHOM IT MAY CONCERN: 

Be it known that I, Michael W. MCCARTY, a citizen of the United States, 
residing at 2 144 A Main Street Road, Marshalltown, Iowa 50158 have invented a new and 
useful AERODYNAMIC NOISE ABATEMENT DEVICE AND METHOD FOR AIR- 
COOLED CONDENSING SYSTEMS, of which the following is a specification. 



AERODYNAMIC NOISE ABATEMENT DEVICE AND 
METHOD FOR AIR-COOLED CONDENSING SYSTEMS 



TECHNICAL FIELD 

The noise abatement device and method described herein make known 
an apparatus and method for reducing the aerodynamic resistance presented by a fluid 
pressure reduction device in a duct. More specifically, a noise abatement device is 
disclosed having at least one sparger with an aerodynamic profile that significantly 
reduces the fluid resistance within a turbine exhaust duct of an air-cooled condensing 
system. 

BACKGROUND 

Modern power generating stations or power plants use steam turbines to 
generate power. In a conventional power plant, steam generated in a boiler is fed to a 
turbine where the steam expands as it turns the turbine to generate work to create 
electricity. Occasional maintenance and repair of the turbine system is required. 
When the turbine is taken out of service, it is typically more economical to continue 
boiler operation rather than shutting the boiler down during turbine repair. To 
accommodate this, the power plant is commonly designed with supplemental piping 
and valves that circumvent the steam turbine and redirect the steam to a recovery 
circuit that reclaims the steam for further use. The supplemental piping is 
conventionally known as a turbine bypass circuit. 

When the turbine bypass circuit is in operation, steam that is routed away from 
the turbine must be recovered or returned to water. To return the steam to water, a 
system must be designed to remove the heat of vaporization from the steam, thereby 
forcing it to condense. An air-cooled condenser is often used to recover steam from 
both the turbine bypass circuit and the steam exhausted from the turbine. The air- 
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cooled condenser facilitates heat removal by forcing low temperature air across a heat 
exchanger in which the steam circulates. The residual heat is transferred from the 
steam through the heat exchanger directly to the surrounding atmosphere. 

Typical air-cooled condensers have temperature and pressure limits. Because 
5 the steam from the turbine bypass circuit or bypass steam has not produced work 

through the turbine, its pressure and temperature is greater than the turbine-exhausted 
steam. As a result, the higher temperature and pressure of the bypass steam must be 
conditioned or reduced prior to entering the air-cooled condenser to avoid damage to 
the condenser. Cooling water is typically injected into the bypass steam to moderate 

10 the steam's temperature. To control the bypass steam's pressure prior to entering the 
condenser, control valves, and more specifically, fluid pressure reduction devices, 
commonly referred to as spargers, are used. The spargers are restrictive devices that 
reduce fluid pressure by transferring and absorbing fluid energy contained in the 
bypass steam. Typical spargers are constructed of a cylindrical, hollow housing or a 

15 perforated tube that protrudes into the turbine exhaust duct. The bypass steam is 

received in the hollow housing and transferred by the sparger into the duct through a 
multitude of fluid passageways to the exterior surface. By dividing the incoming fluid 
into progressively smaller, high velocity fluid jets, the sparger reduces the flow and 
the pressure of the incoming bypass steam and any residual cooling water within 

20 acceptable levels prior to entering the air-cooled condenser. 

In power plants with multiple steam generators, multiple spargers are mounted 
into the turbine exhaust duct. Because of space limitations within the duct, the 
spargers are generally spaced very closely and may impede the flow of exhaust steam 
from the steam turbine into the air-cooled condenser. Steam turbines are designed to 

25 exhaust into a specific back-pressure within the turbine exhaust duct to optimize their 



operation. The back-pressure within the turbine exhaust duct is directly related to the 
aerodynamic resistance or drag presented by the spargers. Conventional spargers 
used in modern power plants do not minimize the drag within the duct and 
subsequently can reduce the efficiency and output of turbine. 

Applications with conventional spargers may not only limit turbine 
performance, but can also impact the expense and design of the air-cooled condenser. 
For example, the number of turbines used in the power plant determine the size and 
volume of the air-cooled condenser, including the available area to mount the spargers 
within the turbine exhaust duct. Back-pressure restrictions introduced by the 
conventional spargers in the condenser circuit limit the total heat reduction the bypass 
steam that can be achieved thereby increasing the size and cost of the entire air-cooled 
condenser system. 

SUMMARY 

The present aerodynamic noise abatement device and method may be used to 
reduce the aerodynamic resistance presented by fluid pressure reduction device and 
more specifically, a noise abatement device is disclosed having at least one sparger 
with a cross-sectional profile that significantly reduces the fluid resistance and back- 
pressure within the turbine exhaust duct of an air-cooled condensing system that may 
be used in a power plant. 

In accordance with another aspect of the present aerodynamic noise abatement 
device, an aerodynamic sparger is assembled from elliptically-shaped, stacked disks 
along a longitudinal axis that define flow passages connecting a plurality of inlets to 
the exterior outlets. The stacked disks create restrictive passageways to induce axial 
and lateral mixing of the fluid in staged pressure reductions that decrease fluid 
pressure and subsequently reduce the aerodynamic noise within the sparger. 
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In accordance with yet another aspect of the present aerodynamic noise 
abatement device, an aerodynamic sparger fashioned from a stack of disks with 
tortuous paths positioned in the top surface of each disk are assembled to create fluid 
passageways between the inlet and outlets of the sparger. The tortuous paths permit 
5 fluid flow through the spargers and produce a reduction in fluid pressure. 

In another embodiment, a method to substantially reduce aerodynamic 
resistance presented by a noise abatement device within the turbine exhaust duct of an 
air-cooled condenser is established. 

BRIEF DESCRIPTION OF THE DRAWINGS 
10 The features of this aerodynamic noise abatement device are believed to be 

novel and are set forth with particularity in the appended claims. The present 
aerodynamic noise abatement device may be best understood by reference to the 
following description taken in conjunction with the accompanying drawings in which 
like reference numerals identify like elements in the several figures and in which: 
15 FIGURE 1A is a block diagram depicting a steam turbine bypass circuit in a 

typical power plant; 

FIGURE IB is block diagram used to illustrate the components of an air- 
cooled condenser used in the turbine bypass circuit of Figure 1 A; 

FIGURE 2 A is a top view illustrating the aerodynamic performance of a noise 
20 abatement device using three cylindrical spargers; 

FIGURE 2B is a top view illustrating the aerodynamic performance of the 
present noise abatement device using a collinear array of three aerodynamic spargers; 

FIGURE 3 is a partial section perspective view of an aerodynamic sparger 
positioned with a turbine exhaust duct; 



FIGURE 4 is an illustrative perspective view of an aerodynamic sparger 
comprised of a plurality of alternating stacked disks with reduced aerodynamic 
resistance achieved by forming the disks in the shape of an airfoil; 

FIGURE 5 is an illustrative perspective view of an aerodynamic sparger 
comprised of a plurality of stacked disks with the torturous fluid path through a 
section of each disk; and 

FIGURE 6 is an illustrative perspective view of an aerodynamic sparger 
assembled from individual flow sectors and plenum sectors. 

DETAILED DESCRIPTION 

To fully appreciate the advantages of the present sparger and noise abatement 
device, it is necessary to have a basic understanding of the operating principles of a 
power plant and specifically, the operation of the closed water-steam circuit within 
the power plant. In power plants, recycling and conserving the boiler water 
significantly reduces the power plant's water consumption. This is particularly 
important since many municipalities located in arid climates require power plants to 
reduce water consumption. 

Turning to the drawings and referring initially to Figure 1 A, a block diagram 
of a steam turbine bypass circuit of a power plant is illustrated. The power generation 
process begins at the boiler 10. Energy conversion in the boiler 10 generates heat. 
The heat transforms the water pumped from a feedwater tank 26, using a feedwater 
pump 28, into steam. The feedwater tank 26 serves as a reservoir for the water-steam 
circuit. A series of steam lines or pipes 17 directs the steam from the boiler 10 to 
drive a steam turbine 1 1 for power generation. A rotating shaft (not shown) in the 
steam turbine 1 1 is connected to a generator 15. As the generator 15 turns, electricity 
is produced. The turbine-exhausted steam 36 from the steam turbine 1 1 is then 



transferred through a turbine exhaust duct 38 to an air-cooled condenser 16 where the 
steam is converted back to water. The recovered water 58 is pumped by the 
condensate pump 22 back to the feedwater tank 26, thus completing the closed water- 
steam circuit for the turbine-exhausted steam 36. 

Most modern steam turbines employ a multi-stage design to improve the 
plant's operating efficiency. As the steam is used to do work, such as to turn the 
steam turbine 1 1 , its temperature and pressure decrease. The steam turbine 1 1 
depicted in Figure 1 A has three progressive stages: a High pressure (HP) stage 12, an 
Intermediate Pressure (IP) stage 13, and a Low pressure (LP) stage 14. Each 
progressive turbine stage is designed to use the steam with decreasing temperature 
and pressure. However, the steam turbine 1 1 is not always operational. For economic 
reasons, the boiler 10 is rarely shutdown. Therefore, another means to condition the 
steam must be available when the steam turbine 1 1 is not available. A turbine bypass 
circuit 19 is typically used to accomplish this function. 

During various operational stages within the plant, such as startup and turbine 
shutdown, a turbine bypass circuit 19, as illustrated in Figure 1 A, circumvents the 
steam turbine loop described above. Numerous bypass schemes are typically 
employed in a power plant. Depending on the origin of the steam, whether it is from 
the HP stage 12 or IP stage 13, and the operational stage of the plant, different 
techniques are required to moderate the steam prior to entering the air-cooled 
condenser 16. The HP bypass scheme illustrated in Figure 1 A is employed during 
turbine shutdown and adequately illustrates the operating conditions that require the 
present aerodynamic noise abatement device. During HP bypass, the turbine bypass 
circuit 19 receives steam from the piping 29 that supplies steam to the HP stage 12 of 
the steam turbine 1 1 , thus bypassing the steam turbine 1 1 . For example, during these 
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maintenance periods, an HP inlet valve 27 is operated in opposite fashion of the block 
valves 25a-b to shift steam from the steam turbine 1 1 directly to the turbine bypass 
circuit 19. 

Bypass steam 34 entering the turbine bypass circuit 19 in HP bypass is 
5 typically at a higher temperature and higher pressure than the air-cooled condenser 16 
is designed to accommodate. Bypass valves 21a-b are used to take the initial pressure 
drop from the bypass steam 34. As understood by those skilled in the art, multiple 
bypass lines generally feed parallel bypass valves 21a-b to accommodate the back- 
pressure required by the steam turbine 1 1 . Alternate applications may require a single 

10 bypass line or can supplement the parallel bypass system depicted in Figure 1 A as the 
steam turbine 1 1 would dictate. Typically, the bypass steam pressure is reduced from 
several hundred psi to approximately fifty psi. 

To moderate the temperature of the bypass steam 34 exiting the boiler 10, 
spray water valves 20a-b receive spray water 33 from a spray water pump 23. The 

15 spray water 33 is injected into a desuperheater 24 where the lower temperature spray 
water 33 is mixed into the bypass steam 34 to condition the bypass steam 34 or reduce 
its temperature in the range of several hundred degrees Fahrenheit. In the process of 
reducing the temperature of the bypass steam 34, the spray water 33 is almost entirely 
consumed through evaporation. The conditioned steam 35 is inserted into the air- 

20 cooled condenser 16 through piping 41a-b that penetrates the turbine exhaust duct 38, 
thus completing the fluid path of turbine bypass circuit 19. The steam turbine stages 
are designed to operate with a specific differential pressure across each stage. The 
differential pressure across each stage acts to govern the turbine stage speed to ensure 
optimal production of electricity without damaging the steam turbine 1 1 . During 

25 turbine operation, the sparger may not be operating, but it still presents an obstruction 
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in the turbine exhaust flow path and therefore creates a resistance to exhaust fluid 
flow influencing turbine back-pressure. 

Referring now to Figure IB, the primary components of the air-cooled 
condenser 16 are depicted in block diagram form. In the air-cooled condenser 16, 
5 steam is routed through the turbine exhaust duct 38 and then to the heat exchanger 30. 
As previously described, the heat exchanger 30 works like a typical radiator. That is, 
in a typical radiator, steam is circulated within the radiator. The heat from the steam 
is conducted through the walls of the radiator and radiated to the surrounding 
atmosphere. In the air-cooled condenser 16, turbine-exhausted steam 36 enters the 

10 heat exchanger 30 directly through the turbine exhaust duct 38. Conditioned steam 35 
is fed into the turbine exhaust duct 38 through a noise abatement device 46 from a 
steam line 41b as it exits the desuperheater 24 referenced in Figure 1 A. The turbine 
exhaust duct 38 directly feeds the heat exchanger 30. Steam condensation within the 
air-cooled condenser 16 is achieved by forcing high velocity, low temperature air 39 

1 5 across the heat exchanger 30 by a fan array 32, which then carries the residual heat 37 
from the heat exchanger 30 to the surrounding atmosphere, forcing the steam to 
condense. 

As illustrated and described in connection with Figure 1 A, the heat exchanger 
30 will receive steam from multiple sources independently, either conditioned steam 

20 35 or turbine-exhausted steam 36. In HP bypass, as depicted in Figure 1 A, the valves 
25 and 27 are operated in such a manner that in the present embodiment the turbine- 
exhausted steam 36 and the conditioned steam 35 are not flowing to the heat 
exchanger 30 simultaneously, but, as understood by those skilled in the art, this 
description is not intended to be limiting to the noise abatement device described 

25 herein. 



Referring now to Figure 2A, a top view illustrating the aerodynamic 
interaction between the fluid flowing through the turbine exhaust duct 38 and a 
typical noise abatement device 45 designed with a collinear array of conventional 
spargers 42a-c is shown. The cylindrical design of the conventional spargers 42a-c is 
generally derived from fluid pressure reduction devices or attenuators intended for use 
in valve bodies and pipes that lend themselves to cylindrical cross-sections. This 
design is not optimal for use in turbine exhaust ducts. 

As known to those skilled in the art, Bernoulli's Law describes fluid pressure 
as being inversely proportional to fluid velocity. With respect to flow of a 
compressible fluid, such as steam flowing through a turbine exhaust duct, any 
obstruction to steam flow that decreases the steam velocity creates corresponding 
increases in steam pressure. As previously discussed, steam turbines are designed to 
exhaust into a specific back-pressure within the turbine exhaust duct to optimize their 
operation. The back-pressure within the turbine exhaust duct is directly related to the 
aerodynamic resistance or drag presented by the spargers, particularly in multiple 
sparger applications. The cylindrical shape of the conventional spargers 42a-c 
typically maximizes the cross-sectional area of the sparger encountered by the fluid as 
it flows through the turbine exhaust duct 38. Figure 2 A illustrates the splitting of the 
fluid as it encounters the spargers 42a-c. The obstruction presented by the sparger 
42a-c creates an impediment to fluid flow, forcing substantial flow separation, as 
indicated by the flow arrows 50, subsequently decreasing the fluid velocity and 
increasing fluid pressure or back-pressure upstream from the spargers 42a-c. The 
substantial flow separation induced by the conventional spargers 42a-c forces 
turbulent eddy currents 5 1 to contact with inner walls 43 of the turbine exhaust duct 
38 creating additional fluid resistance within the flow stream, further increasing the 
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upstream pressure. Quite the opposite, the present aerodynamic spargers 44a-c 
substantially reduces the fluid resistance, and therefore the back-pressure, within the 
turbine exhaust duct 38 as shown in Figure 2B. 

As shown, the noise abatement device 46 has a collinear array of three 
aerodynamic spargers 44a-c. To substantially reduce the back-pressure within the 
turbine exhaust duct 38 caused by the aerodynamic spargers 44a-c, each aerodynamic 
sparger 44a-c is shaped similar to the airfoil on an aircraft or a hydrofoil on a ship. A 
leading edge 53a of the aerodynamic sparger 44a efficiently splits fluid along its 
elongated side wall 57a, as indicated by flow arrows 52, providing decreased flow 
turbulence within the turbine exhaust duct 38. The aerodynamic shape of each 
sparger 44a-c reduces the aerodynamic resistance, allowing the fluid to flow 
substantially undisturbed along the elongated side walls 57b-c of the each remaining 
spargers 44b-c. The fluid flow efficiently transitions from each sparger 44a-c along 
the respective trailing edges 54a-c, ultimately rejoining at the trailing edge 54c of the 
aerodynamic sparger 44c, thereby completing the downstream pressure recovery with 
the fluid progressing to the air-cooled condenser. Consequently, the turbulent eddy 
currents 51 depicted in Figure 2 A are substantially eliminated by the present noise 
abatement device 46 (shown in Figure 2B). 

In conventional applications, the back-pressure limitations imposed by 
cylindrical cross section spargers 42a-c can limit both the individual flow capacity of 
the sparger and the system flow capacity of the air-cooled condenser. The flow 
capacity of a typical sparger is constrained by the sparger geometry. The circular 
cross-section of typical spargers 42a-c limits the available flow area to an arc defined 
by the radius of the sparger. Generally, to increase the flow area, and therefore to 
increase the flow capacity, the height of conventional spargers 42a-c must be 
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increased. The height of a conventional sparger also limits the system flow capacity 
of the air-cooled condenser. As further understood by those skilled in the art, spargers 
are not limited to collinear placement within the turbine exhaust duct. For example, 
some applications may dictate that multiple spargers be placed in various 
5 arrangements about the circumference of the turbine exhaust duct. Air-cooled 

condenser applications using high capacity, multiple spargers in either a collinear or 
circumferential configuration experience increased aerodynamic resistance due to a 
decrease in open cross-sectional area within the turbine exhaust duct caused by the 
increased stack height used in conventional sparger designs. 

10 Relative to the conventional spargers 42a-c illustrated in Figure 2 A, the 

present aerodynamic spargers 44a-c provides increased flow area through elongated 
side walls 57a-c of the spargers 44a-c, allowing a decrease in the overall stack height 
of the spargers 44a-c. Additionally, the decreased cross-sectional area presented by 
the aerodynamic spargers 44a-c of the present noise abatement device 46 further 

1 5 reduces the aerodynamic resistance in the fluid flow path, thereby reducing the back- 
pressure experienced by the turbine 1 1 and subsequently providing the ability to 
increase the flow capacity to the air-cooled condenser 30. 

The profile of the aerodynamic sparger is application specific. For example, 
the aerodynamic spargers 44a-c have an elliptically-shaped profile. The preferred 

20 ratio of the major axis 78 to the minor axis 68 of the elliptical profile is approximately 
five-to-one (shown in Figure 3). Those skilled in the art can appreciate that other 
ratios and profiles can be created without departing from the spirit and scope of the 
present noise abatement device. The partial sectioned perspective view of Figure 3 
illustrates the aerodynamic noise abatement device 46 positioned inside the turbine 

25 exhaust duct 38. The noise abatement device 46 is fashioned about a single 
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aerodynamic sparger 44a positioned within the turbine exhaust duct 38. As explained 
in greater detail below, the sparger 44a creates the final pressure drop required by the 
air-cooled condenser by dividing the flow of the incoming fluid into many small jets 
through a plurality of passageways about the periphery of the sparger 44a. 
5 In the noise abatement device 46, the aerodynamic sparger 44a is preferably 

placed along the longitudinal axis 48 of the turbine exhaust duct 38 to utilize its 
minimized cross-sectional area to reduce the aerodynamic resistance within the 
turbine exhaust duct 38. The bypass steam 34, which has been mixed with spray 
water 33 at the desuperheater 24 (Figure 1 A), enters the turbine exhaust duct 38 

10 through the steam lines 41a-b. As depicted in Figure 3, the sparger 44a placed within 
the turbine exhaust duct 38 has an individual penetration. Flanges 47a-b are used to 
seal the turbine exhaust duct 38 at the penetration points of the aerodynamic noise 
abatement device 46. The aerodynamic sparger 44a is connected through 
conventional techniques using pipes 40 as illustrated in Figure 3. As described 

15 herein, the pressure of the reduced bypass steam 34 is typically in the range of 50 psi. 
Several embodiments of the aerodynamic sparger 44a will now be explained in detail. 

Referring now to Figure 4, one embodiment of an aerodynamic sparger 144 is 
illustrated in perspective view. The primary function of the aerodynamic sparger 144 
within the turbine exhaust duct 38 is to reduce the steam pressure before it enters the 

20 air-cooled condenser. As shown in Figure 4, a flow sector 95 of the aerodynamic 

sparger 144 is generally comprised of a stack of three elliptically shaped disks 96b-d 
having a substantially similar profile aligned with guide holes 97b-d. Each disk 96b-d 
integrates a plurality of inlet slots 92b-d, a plurality of outlet slots 94b-d, and a 
plurality of interconnecting plenums 99b-d within a single disk. By selectively 
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orienting the disks 96b-d about a central axis 106, as shown, a series of axial and 
lateral passageways are created. 

During operation, fluid enters the sparger 144 through the inlets slots 92b-d in 
a hollow center 93 of the disks 96b-d and flows through the passageways created by 
the interconnecting plenums 99b-d. The restrictive nature of the passageways 
accelerates the fluid as it moves through them. The plenums 99b-d create fluid 
chambers within the individual layers of the stacked disks and connect the inlet slots 
92b-d to the outlet slots 94b-d allowing both axial and lateral flow within the disks 
96b-d. The flow path geometry created within the sparger 144 produces staged 
pressure drops by subdividing the flow stream into smaller portions to reduce fluid 
pressure and further suppress noise generation by mixing the fluid within the fluid 
chambers. 

The total number of disks used in each sparger is dependent upon the fluid 
properties and the physical constraints of the application in which the sparger will be 
placed. The noise abatement device 46 has an inlet area to the outlet area ratio of 
approximately 6.5 to 1 . Those skilled in the art recognize that deviations from the 
inlet area-to-outlet area ratio can be made without parting from the spirit and scope of 
the present noise abatement device. Further, a solid top disk 96a and a mounting plate 
96e form to the top surface and bottom surface of the sparger 144 to direct fluid flow 
through the sparger 144 and provide mounting arrangements within the turbine 
exhaust duct 38, respectively. The bottom plate 96e may include a port 98 that 
connects directly to the piping 41a to receive conditioning steam 35 from the bypass 
circuit 19 (shown in Figure 1 A). The disks 96b-d, the top plate 96a, the bottom plate 
96e and the piping 40 (Shown in Figure 4) may be attached by conventional means 
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such as welding, but those skilled in the art recognize that alternate attachment means 
may be used. 

Although the noise abatement device 46 is designed using alternating disks, 
other embodiments are conceivable. For example, a tortuous flow path could be 
created using one or more disks where the tortuous flow paths connect the fluid inlet 
slots at the hollow center to the fluid outlet slots at the disk perimeter. 

An illustrative perspective view of an alternate embodiment of a sparger 
provided with a single disk of the present noise abatement device using tortuous paths 
with a blocked sector is depicted in Figure 5. The tortuous path sparger 244 is 
comprised of a plurality of disks 203 with an elliptical profile similar to those of the 
noise abatement device 46. In the disks 203, fluid obstructers 220a-220f are 
positioned on the surface of each disk 203 to create tortuous passageways 204 that 
become progressively more restrictive. As previously explained, fluidic restrictions 
increase fluid velocity and consequently produce a corresponding decrease in fluid 
pressure at the outlet or on the downstream side of the restriction. Therefore, the 
velocity of the fluid entering the tortuous paths 204 of the sparger 244 through inlet 
slots 210 increases as the fluid progresses toward the fluid outlet slots 208. The fluid 
pressure is dramatically reduced as the fluid exits the fluid outlet slots 208. Similar to 
the noise abatement device 46, a solid top plate 296a and a bottom mounting plate 
296e are attached to the top surface and bottom surface of the sparger 244 to direct 
fluid flow through the sparger 244 and provide mounting arrangements for the noise 
abatement device. The bottom plate 296e further includes a port 298 that connects 
directly to piping (not shown) to receive conditioned steam 35 from the turbine 
bypass circuit 19 (shown in Figure 1 A). The disks 203, the top plate 296a, and the 
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bottom plate 296e can be attached by conventional means such as welding, but those 
skilled in the art recognize that alternate attachment means may be used. 

The foregoing detailed description has been given for clearness of 
understanding only, and no unnecessary limitations should be understood therefrom, 
as modifications will be obvious to those skilled in the art. For example, the 
aerodynamic sparger can be constructed from a continuous hollow cylinder with 
direct radial fluid passageways. It can further be appreciated by those skilled in the 
art that the noise abatement device 46 could be constructed using the alternating disks 
wherein alternating disks with individual flow disks and individual plenum disks are 
used to create the axial and lateral passageways. Additionally, other manufacturing 
and assembly processes can be used to efficiently fabricate the disks within an 
aerodynamic sparger 344 shown in Figure 6. For example, individual flow sectors 
300 and plenum sectors 310 can be produced using Electric Discharge Machining 
(EDM) methods and subsequently combined by conventional manufacturing 
techniques, such as a laser weld 320, to create each individual disk 305a-c. It can also 
be appreciated by those skilled in the art that in some cases the conformation of the 
aerodynamic profile could be modified from the elliptical cross-section detailed 
herein without departing from the spirit and scope of the present sparger and noise 
abatement device. 



